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r the Study of the Liver. PublishedSummary Background: The technical complexity of endoscopic submucosal dissection (ESD)
demands adequate training to lower the surgical risks. The diameter and mucosal structure of
the porcine colon is similar to the human colon making the pig a good animal for colonoscopic
procedure training. However, a standardized animal bowel preparation used in colonic ESD
training has not been established.
Methods: Colonoscopic procedures were performed in 12 pigs, divided into four groups. The
control group (Group 1) fasted and received no preprocedure preparation. Group 2 received
a single dose of sodium phosphate 2 mL/kg; Group 3 and Group 4 received split doses of sodium
phosphate (2 mL/kg and 4 mL/kg, respectively). An experienced endoscopist, blinded to the
preparation method, assigned a score from excellent (4 points) to poor (1 point) at five regions
of the colon. The final mean bowle cleansing score was calculated from five regions in each
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Oral NaP for bowel preparation in pigs 7Results: The different doses of sodium phosphate preparations did not change the serum
glucose, creatinine, sodium, potassium, calcium, or phosphorus levels. The colonic cleansing
scores in Group 1 (1.3  0.4; mean  standard deviation) and Group 2 (1.5  0.2) were lower
than those of Group 3 (2.6  0.6) and Group 4 (3  0.2).
Conclusion: The use of oral sodium phosphate is easy and safe in porcine bowel preparation for
ESD training. Bowel preparation using a split dose of 2 mL/kg or 4 mL/kg sodium phosphate
produces an adequate bowel cleansing. The optimal dosage still needs to be established in a
large-scale study.
Copyright ª 2014, The Gastroenterological Society of Taiwan, The Digestive Endoscopy Society
of Taiwan and Taiwan Association for the Study of the Liver. Published by Elsevier Taiwan LLC.
Open access under CC BY-NC-ND license.Introduction
Endoscopic submucosal dissection (ESD) is a standard,
widely accepted procedure for performing en bloc resec-
tion of early gastrointestinal neoplasms [1]. The technique
is very operator-dependent, involving special skills and
instrumentation. The learning curve from novice level to
full competency should be supported systematically at
every stage with adequate training programs. A panel of
experts from Europe reached a consensus that hands-on
experience with live pigs should be a major part of any
structured training program [2]. At present, training in
endoscopy or developing new endoscopic techniques relies
mainly on the pig model [3], as the porcine colon is com-
parable in size and structure to the human colon. In our
previous report, we examined the depth of ESD specimens
from the resected specimens. Histological examination of
these specimens showed that the muscularis mucosa and
superficial submucosa were present in the specimens; this
observation demonstrated the feasibility of the ESD tech-
nique for resection [4].
A gradually increasing number of publications have
described ESD training using the porcine colon [5e9]. The
bowel cleansing protocols currently used in pigs were
initially extrapolated from protocols used in humans or dogs
[10e12]. The regimens include dietary restrictions,
administration of stimulant laxatives, enemas, oral poly-
ethylene glycol lavage, and sodium phosphate. Researchers
should be aware of the range of options and the advantages
of various colonoscopy preparations, as well as their limi-
tations [13], to determine the ideal bowel preparation for
experimental animals used in ESD training.
In contrast with human medicine, few researches have
been performed to evaluate the safety and efficacy in
bowel preparation for pigs. Polyethylene glycol (PEG) has
been extensively used in humans with good efficiency;
however, it requires a substantially large volume of solution
to achieve the optimal result. Sodium phosphate is a low-
volume, hyperosmolar laxative and has been found to be
effective; it is a well-accepted bowel preparation used
before a colonoscopic procedure in humans. However, few
literatures discussed the use of sodium phosphate solution
in experimental animals, and a standardized regimen of
bowel preparation has not been established.
The primary goal of this study was to access the differ-
ence in efficacy between different doses of sodiumphosphate in bowel preparation. The secondary goal was to
determine the safety of sodium phosphate use through
serum biochemistry and electrolyte analysis.
Methods
Preparation of pigs
All pigs, weighing between 26 kg and 28 kg, were supplied
by our institution’s Animal Center. The study was con-
ducted over three sessions, with four pigs randomly used in
each session. The animals just received boiled rice 2 days
before study. Food was withheld, but water was allowed
during the preparation for colonoscopy. In the study groups,
each pig received 2 mL/kg or 4 mL/kg sodium phosphate,
diluted with the same volume of water, via orogastric
intubation. All procedures and animal treatments were
conducted in accordance with the Guide for the Care and
Use of Laboratory Animals and were approved by the Ani-
mal Care and Use Committee and The Institutional Review
Board of Mackay Memorial Hospital, Taipei, Taiwan (MMH-A-
S-100-34).
The radiopaque marker method to evaluate colonic
transit time
Because bowel preparations have rarely been tested in
pigs, three additional pigs were used for a preliminary study
to evaluate colonic transit time. The pigs were adminis-
tered a capsule containing handmade radiopaque markers
with food every 8 hours. After an additional 8 hours, a se-
ries of abdominal radiographs were taken every 8 hours to
evaluate the average colonic transit time until a pig passed
the first mark (Fig. 1).
Colonic cleansing methods
An oral sodium phosphate solution (Fleet Phospho-soda;
C.B. Fleet Co., Inc., Lynchburg, VA, USA) was administered
in either a single or split dose of 2 mL/kg, or a split dose of
4 mL/kg. The single dose of sodium phosphate was given in
the evening (6:00 PM) on the day before the examination.
The split doses were divided into two portions, with half of
the dose given in the evening (6:00 PM) on the day before
the examination and the second dose given the next
Figure 1 The pigs were administered a capsule containing
handmade radiopaque markers (arrows) every 8 hours. A series
of abdominal radiographs were taken to evaluate the average
colonic transit time.
8 C.-Y. Hung et al.morning (8:00 AM) before the examination (12:00 noon).
Each group comprised three pigs. Group 1, the control
group, fasted and received no other preparation. Group 2
received a single dose of sodium phosphate of 2 mL/kg.
Group 3 received a split dose of sodium phosphate of 2 mL/
kg. Group 4 received a split dose of sodium phosphate ofFigure 2 Cleansing was scored on a 4-point scale as follows: (A) 1
suctioned; (B) 2 points, fair, moderate amount of thick liquid to se
small amount of thin liquid fecal matter, easily suctioned; (D) 4 po4 mL/kg. Each portion of sodium phosphate solution was
administered with an equal volume of water, and followed
by a liberal feeding of water throughout the entire period
before the colonoscopy. The time interval between initia-
tion of colonic preparation and colonoscopy was approxi-
mately 16 hours.
Biochemistry and electrolyte analysis and
evaluation of adequacy of colonic cleansing
Serum glucose, sodium, potassium, chloride, calcium,
phosphate, and creatinine were measured at the beginning
of the colonoscopy procedure. All colonoscopic examina-
tions were performed by a single experienced endoscopist
who was unaware of the bowel preparation regimens. Ex-
aminations were conducted using an Olympus CF Q240 co-
lonoscope (Olympus Optical Co. Ltd., Tokyo, Japan), which
is for exclusive use in animals. Cleansing was scored on a 4-
point scale as follows: 1 point, poor, large amounts of solid
fecal matter, unable to be suctioned (Fig. 2A); 2 points,
fair, moderate amount of thick liquid to semisolid fecal
matter, able to be suctioned (Fig. 2B); 3 points, good, small
amount of thin liquid fecal matter, easily suctioned
(Fig. 2C); 4 points, excellent, no fecal matter, or almost
none (Fig. 2D).
The endoscopist rated the condition of colonic prepa-
ration by using this scale at five regions: distal descending
colon, mid-portion descending colon, proximal descending
colon, transverse colon, and ascending colon (pigs have no
sigmoid colon). The farthest region was estimated to bepoint, poor, large amounts of solid fecal matter, not able to be
misolid fecal matter, able to be suctioned; (C) 3 points, good,
ints, excellent, no fecal matter, or almost none.
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ESD training.
Statistical analysis
Given the small number of pigs in each group, statistical
analysis of the data would be of questionable validity. For
the purposes of this pilot study, however, we used descrip-
tive statistics, reporting the mean [ standard deviation
(SD)] of the cleansing scores and serum biochemistry and
electrolyte levels. These data were used for a rough com-
parison of the different sodium phosphate preparations, to
assess their safety profile and efficacy of colonic cleansing.
Results
Safety and colonic cleansing scores
Anesthesia and colonoscopy were performed without com-
plications in all pigs. No animal experienced any vomiting or
hematochezia after administration of sodium phosphate.
No statistically different results were observed between
groups in the serum biochemistry or electrolyte measure-
ments of glucose, creatinine, sodium, potassium, calcium,
or phosphorus (Table 1). The colonic cleansing score in
Group 1 (1.3  0.4; mean  SD) and Group 2 (1.5  0.2)
showed a trend toward lower scores than that observed in
Group 3 (2.6  0.6) and Group 4 (3  0.2) (Table 1).
Discussion
The benefits of en bloc resection with ESD for colon neo-
plasms, including less invasiveness and potential cure, are
increasingly being recognized. However, the colon is a
technically complex location for ESD because the thinner
wall, luminal angulations, and small caliber of the colon
reduce maneuverability. For this reason, animal models are
invaluable as training resources to improve performance
and reduce risk of complications, and to evaluate when the
learning curve has been completed and a trainee is ready to
perform ESD in patients. Successful ESD training relies on
adequate bowel preparation in pigs to improve the model.
We conducted this prospective, blinded trial to evaluate
the safety profile and efficacy of three different sodium
phosphate doses for bowel preparation. We aimed to
establish a standardized bowel preparation protocol and
improve the model of colonic ESD in pigs.Table 1 Biochemistry and electrolyte analysis and evaluation o







Control (n Z 3) 1.3  0.4 113.5  43.1 0.9  0.1 140
Group 2 (n Z 3) 1.5  0.2 101.0  5.7 1.2  0 14
Group 3 (n Z 3) 2.6  0.6 102.2  9.6 1.1  0.2 14
Group 4 (n Z 3) 3.0  0.2 128.0  12.3 1.1  0.2 13
Data are expressed as mean  standard deviation.
a Group 1: control without preparation; Group 2: oral 2 mL/kg singl
sodium phosphate; Group 4: oral 4 mL/kg split doses of sodium phospBowel preparation is relatively difficult in animals and the
commonly used protocols for human bowel preparation have
some drawbacks in animals. Enema administration is time
consuming and may be uncomfortable for the animals [14].
Large-volume PEG is widely used and has proven efficacy in
humans. When orogastric intubation is used to administer
PEG, the large amount of solution takes several minutes to
infuse, leading to discomfort; furthermore, rapid, vigorous
gastric distention can also result in vomiting or regurgitation
[15,16]. Sodium phosphate is a buffered saline laxative that
has been extensively used in humans with equal efficiency to
PEG, but it requires a substantially smaller solution volume.
Many human studies have tried to reduce the amount of fluid
intake required for bowel preparations and allow for mini-
mal dietary restrictions by splitting the dose [17]. This also
can decrease the stress and discomfort of animals by
reducing the duration of orogastric intubation and avoiding
rapid gastric distention for prevention of aspiration. We
selected sodium phosphate as a bowel preparation agent to
simplify the bowel preparation procedure. As a result, in our
study, we reported no vomiting or hematochezia in animals
after administration of sodium phosphate.
Although similar, some differences exist in the precise
structure of the pig colon compared with the human colon.
The pig colon is much thinner than the human colon, and it
has more fat tissue and blood vessels. Nevertheless, the pig
colon is still the model of choice for colonoscopy training
and colonic ESD training. The live pig model simulates a
more realistic endoscopy setting and provides the oppor-
tunity to deal with bleeding and perforations.
Many factors affect the quality of bowel preparation,
including dietary restriction, cleansing agent used, dosing of
the purgative (e.g., single dose or split dose), and the time
interval between bowel preparation and the start of colo-
noscopy. Dietary restriction of fiber or residue is advised in
human bowel preparation protocols, and a low-residue diet
for 2 days before colonoscopy improves bowel cleansing
[18]. Therefore, our animals were fed a low-residue diet of
boiled rice from 2 days before the procedure.
Because bowel preparations have never been tested in
pigs, three additional animals were used for a preliminary
pilot study to evaluate porcine colonic transit time. A
capsule containing handmade radiopaque markers was
given to these pigs; the average colonic transit time
determined from this preliminary study was approximately
16 hours. Residual material in the small bowel may pass into
the large bowel if colonoscopy is scheduled more than 8e12
hours after the administration of a single-dose lavage so-
lution; a second dose of medication resolves this issue [19].f adequacy of colon cleansing.
(mEq/L) K (mEq/L) Cl (mEq/L) Ca (mg/dL) P (mg/dL)
.0  0 4.75  1.1 102.5  2.1 10.1  1.2 9.15  0.4
0.0  0 3.65  0.2 103.0  2.8 9.0  0.5 10.3  0.9
2.2  4.3 3.48  0.3 103.4  1.9 10.4  2.3 10.1  2.0
9.3  2.1 3.93  0.5 102.7  2.1 10.2  1.0 10.3  0.7
e dose of sodium phosphate; Group 3: oral 2 mL/kg split doses of
hate.
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able, we designed a split dose of sodium phosphate to
compare it with the same amount of medication given as a
single dose. In our study, the mean colonic cleansing score
was higher in Group 3 and Group 4 using split doses of so-
dium phosphate (2 mL/kg and 4 mL/kg, respectively) than
in Group 2 using a single dose.
When using oral sodium phosphate solutions, hyper-
phosphatemia with hypocalcemia or hypokalemia occurred
in some human case series [20,21]. In our study, the
different doses of sodium phosphate preparations did not
change the serum levels of glucose, creatinine, sodium,
potassium, calcium, or phosphorus. Even with the relatively
high sodium phosphate dose of 4 mL/kg (Group 4), no sig-
nificant difference in laboratory values was observed.
Anesthesia and colonoscopy were performed without com-
plications in all pigs. The mean colonic cleansing scores
were (2.6  0.6) in Group 3 and (3  0.2) in Group 4, which
is an adequate cleansing level; small amounts of liquid
fecal matter can easily be suctioned out for ESD training.
The associated cost involving the pig, veterinarian, and
other manpower is an important issue, and may be a
limiting factor for some training programs that utilize live
animals. The animals and animal facility charges, including
manpower, were approximately $300 USD (2 trainees could
share an animal). Therefore, we believe that this live
porcine simulator should be used only for achieving the
competent level to gain the experience of clinical practice.
In a prospective randomized trial, we compared three
doses of sodium phosphate for bowel preparations in a pig
model. We demonstrated that oral administration of so-
dium phosphate solution is efficacious and safe in pigs when
the dosing regimen is adjusted for weight. Bowel prepara-
tion with a split dose of 2 mL/kg or 4 mL/kg of sodium
phosphate results in adequate bowel cleansing for ESD
training. The optimal dose still needs to be established in a
large-scale study. Whether this approach in pig bowel
preparations will achieve improved training outcomes with
a lower risk of complications in humans, shortened proce-
dure times, and higher en bloc resection rates during ESD is
yet to be determined. In the future, we need well-designed
large clinical trials to evaluate these points.
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